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SECTION 1
INTRODUCTION

1.1 DOCUMENT OBJECTIVE

The purpose of this document is to provide
Air Force environmenta managers with more
effective methods for remediating and managing
chlorinated solvent contaminated sites. To date,
the Department of Defense has identified over
1500 sites where chlorinated solvents are the
primary contaminants driving remediation
requirements. The ngjority of these sites have
already entered remedial design or remedia
action, athough very few sites have attained
cleanup gods. Many pump-and-treat systems
with less than 5 years of operation have aready
become inefficient at contaminant remova and
expensive to operate.  While some remediation
systems are necessary to contain contamination
and prevent degradation of public water
supplies, located in
industria/airfield areas where there is little risk
This
document combines the “lessons learned” from

most Sites are

of human or ecologicad exposure.
two decades of remediation experience with the
recent emphasis on risk-based and site-specific
cleanup objectives. The intended result is a
more redlistic approach to chlorinated solvent
remediation on industrial/flightline sites.
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1.2 BACKGROUND
1.2.1 Scope of the Problem

Chlorinated
trichlor oethylene (TCE) have been widely used
as cleaning solutions by the Air Force and the

solvents such as

electronics industry for over 50 years. Other
solvents such as 1,1,1- trichloroethane (1,1,1-
TCA), (PCE),
chorobenzenes have seen limited use on Air

perchloroethene and
Force facilities. As a result of the widespread
production, transportation, use, and disposa of
solvents, chlorinated solvent contamination is
present at numerous sSites throughout North
America and Europe. For example, chlorinated
solvents account for ten of the top twenty
organic contaminants detected most frequently
at hazardous waste sites (Table 1.1). Prior to
environmental regulations, these solvents were
frequently disposed of in sanitary and storm
sewers, disposal pits, and fire training areas at
hundreds of Air The
Department of Defense (DOD) has identified
chlorinated solvents a nearly 50 percent of
its3,212 contaminated waste sites and TCE
appears as a mgjor groundwater contaminant at
35 percent of al DOD stes (USEPA, 1997a).

Force facilities.



TABLE 1.7%¥

FREQUENCY OF DETECTION OF MOST COMMON ORGANIC CONTAMINANTSAT

HAZARDOUSWASTE SITES
Ranking Based on Organic Contaminant | DNAPL Percentage of Ranking on Number Percentage of 183
Number of Sites at Chemical 1,300 Sites at of Sitesat Which Sites at Which
Which Organic Which Organic Contaminant Contaminant was
Contaminant was Contaminant was was Detection in Detected in
Detected in Any Detected in Any Groundwater Groundwater
Medium Medium (Plumb and Pitchford, (Plumb and
(USEPA, 1991a) (USEPA, 1991a) 1985) Pitchford, 1985)
1 Toluene No 60.5 2 31.15
2 Trichloroethene Yes 573 1 34.43
3 Methylene Chloride Yes 54.7 3 31.15
4 Benzene No 532 7 27.32
5 Tetrachloroethene Yes 51.8 4 31.15
6 Ethylbenzene No 475 11 25.14
7 1,1,1-Trichloroethane Yes 471 9 26.78
8 Chloroform Yes 454 10 25.14
9 Xylenes No 44.3 - -
10 bis(2ethylhexyl) No 418 6 28.42
phthal ate
11 Acetone No 40.0 20 12.02
12 1,1-Dichloroethane Yes 39.7 5 28.42
13 Phenol No 394 14 19.13
14 trans-1,2- Yes 384 8 27.32
Dichloroethene
15 Naphthalene No 355 18 12.57
16 1,1-Dichloroethene Yes 33.2 13 20.22
17 1,2-Dichloroethane Yes 32.7 12 21.31
18 Vinyl Chloride No 321 15 16.39
19 2-Butanone No 318 -- --
20 Chlorobenzene Yes 314 16 16.39
23 Dibutyl Phthalate Yes 30.3 17 15.30
40 Chloroethane No 18.1 19 12.57

al Table4.1 after Table 3.3 in Cohen and Mercer (1993a).
Sour ces of Information: USEPA (1991a); Plumb and Pitchford (1985).
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Because traditional groundwater extraction and
trestment systems cost millions of dollars to
install
strategies present a significant potential for cost
The remediation of chlorinated

and operate, innovative remediation
avoidance.
solvents is a critical issue within the Air Force
environmental program with important long-
term financia implications.

1.2.2 Technical Advances

Several technical advances have occurred in
the past five years that have improved our
understanding of chlorinated solvent fate and
trangport in the subsurface and how they can be
remediated. Each of these advances have been
integrated into the technical recommendations of
this document. For example:

Research by Freeze and McWhorter (1997)
and others have demonstrated the extreme
difficulty of removing chlorinated solvents
found in the dense non-aqueous phase liquid
(DNAPL) phase, particularly when separate
phase solvents have migrated below the
water table or into fractured rock formations.
Similar limitations on DNAPL removal have
been observed in clay soils (Parker, 19XX).
Limitations on DNAPL remova can make
complete remediation impossible a many

Sites.

Research and site case studies (Wiedemeier,
1999) have demonstrated that under proper
geochemical conditions a \ariety of natura

SAES\WP\PROJECTS\730486\75.doc

1-3

biological processes can account for the
destruction of most chlorinated solvents,
including TCE. The publication of the EPA
protocol for chlorinated solvent natural
atenuation has legitamized this dternative
and led to a growing number of regulatory
decisons to accept monitored natura
attenuation as the remedy of choice ( EPA,

1998a).

During this same period, dternative

technologies for source reduction and

groundwater treatment have been developed.

vapor
and

Therma enhancements to soil

extraction, reactive barrier walls,
optimized pumping systems are just a few of
the that are

beginning to change the way that chlorinated

innovative  technologies
solvent contamination is remediated. This
document describes an overal remediation
strategy that will assst the reader in
appropriately applying natura attenuation as
well
technologies.

a emeging and innovative

1.2.3 Regulatory Changes

The EPA and many State regulatory agencies
are now willing to acknowledge the limitations
of existing technologies to completely remediate
many chlorinated solvent sites. This increasing
awareness has resulted in severd regulatory
changes which are favorable to more dte-
specific and risk-based remediation objectives

for industrial/flightline sites. For example:



In 1994, the EPA published guidance that
allows for Technical Impracticability waivers
for sites where complete remediaion is
impossible due to the site conditions or the
presence of inaccessble DNAPLs.  This
guidance describes what technical evidence
is required and what regulatory procedures
exiss for establishing more redidtic
remediation objectives for many chlorinated
solvent contaminated sites.

The EPA “Brownfields’ initiative now
encourages loca governments,
environmental regulators, and land
developers to work together to establish
redistic cleanup goas for contaminated
industrial properties. Using risk assessment
tools, the actua exposure pathways and
receptors are identified for the proposed land
use and cleanup goas and remediation
activities are specificaly tailored to eiminate
these risks. Since the risk of exposure at
many Air Force industrial sites is limited to
occasional excavation activities, this same
approach can be applied for establishing
chlorinated solvent remediation goas.

The EPA’s Office of Solid Waste and
Emergency Response  recently published
directive 9200.4-17P clarifying how
monitored natural attenuation can be goplied
as an eement of CERCLA and RCRA site
closures.
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Both RCRA and CERCLA contain
provisons for establishing dternate
concentration limits or remediation gods
based on industrial land use assumptions.
Unfortunately, regulatory agencies and Air
Force site managers have been far too
consarvative in their  application  of
residential cleanup standards. Drinking water
maximum contaminant levels (MCLs) have
been applied at industrial sites where there is
litle chance of human exposure to
groundwater. The strategies outlined in this
document challenge the “status quo” and
encourage Air Force sSte managers and
regulators to design remediation goals that

areredlistic for industrial land use.

Many state agencies are now publishing risk-
based cleanup criteria for industrial sites and
recognizing “mixing zone” concepts which
alow stable chlorinated solvent plumes to
atenuate in place so long as surface water
and drinking water resources are protected.
ASTM is aso developing a risk-based
corrective action (RBCA) sandard for
chlorinated solvents that is similar to the very
successful standard developed for fue

hydrocarbons.

1.3 REMEDIAL DECISION PROCESS
FOR CHLORINATED SOLVENT SITES
This document has been organized to support
an overal drategy for chlorinated solvent site
remediation based on current technology and
regulatory trends. This strategy has been



developed by AFCEE after evaluating hundreds
of dites in varying stages of remedia design and
remedia action.  Although no remediation
srategy can be universdly applied, dte
managers and Air Force consultants are
encouraged to use this document as the “ default”

approach.

Figure 1.1 illustrates the generd flowchart
for this remediation strategy. This strategy is
based on five points of emphasis which are
described in each of the remaining sections:

An accurate Conceptua Site Modd (CSM) is
critic  to remediation
possibiliies and limitations, and for

understanding

establishing site-specific cleanup goas.

The degree of remediation should be based
on a redigtic assessment of exposure
potential (risk) for both the source area and
migrating groundwater contamination.

The
contamination must be based on an
DNAPL accessihility,
technology limitations, and the net benefits

remediation of the source of

understanding  of

of only partia removal. The requirements
for Technical Impracticability waivers must
be integrated into Ste characterization and
pilot testing activities.

Unless a drinking water supply is
endangered, monitored natura attenuation
and alternative treatment methods should be

SAES\WP\PROJECTS\730486\75.doc
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fully evaluated before long-term groundwater
extraction is selected as aremedy.

Regardless of the type of remediation
selected for a dte, the remedy should be
subject to an annual performance evaluation.
Inefficient systems should be identified for
detailed remedial process optimization
(RPO) evauations. RPO documentation
should be wused to support regulatory
milestones such as 5-Year ROD reviews and
Operating Properly and Successfully (OPS)

demonstrations.



FIGURE 1.1

FLOWCHART FOR REMEDIATION OF INDUSTRIAL/AIRFIELD SITES CONTAMINATED WITH CHLORINATED SOLVENTS

Pursue Technical
Impracticability
Waiver or
Alternate
Concentration
Levels for Source

Area

Complete Pilot Testing
of Innovative Source
Reduction Technology

Pilot Test
Successful?,

Yes

4

Implement
Source Reductions

Develop An Accurate
Conceptual Site Model

Completed Based On

Could an
Exposure
Pathway Be

The Existing
Land Use?

Is There
Potential for
Off-Base Migration
or is Contamination
Incompatible
with BRAC
Land Use?

Will BRAC
Actions Create
a Potential for
Exposure Pathway,
Completion?

Default Cleanup
Criteria Exceeded for
The Current or
Proposed Land

Document the
Potential for
Natural Attenuation

Will Natural
Attenuation Prevent
Unacceptable Migration
and Rapidly Reduce

Develop Site-Specific Target
Levels Based on Realistic

Exposure Scenarios

Concentrations?

Groundwater
Treatment Alternatives
Feasible and Cost,
Effective?

Review Table 4.2 for
Cleanup Feasibility

Implement Non-Pumping
Groundwater
Treatment Alternative

Y

Initiate Proven
Source Reductions
Methods

Groundwater

Establish Institutional
Controls and Long-term
Monitoring Program

No

Implement Pump
and Treat System
for Containment
and/or
Remediation of Plume

Exceed Establishe
Cleanup Levels or Is It
Migrating Toward
an Exposure
Point?

« Complete Annual
RPO Evaluation

« Maintain LTM Program
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SECTION 2
DEVELOP OR UPDATE THE CONCEPTUAL SITE MODEL

This section will assist you in:

Developing a useful conceptual site model or

updating an existing one;

Determining what human or ecologica
receptors may be a risk and how to limit
their exposure to chlorinated contamination.

An accurate conceptua site model (CSM) is
critical to evaluating the true risk of chlorinated
solvent contamination, as well as the
possibilities and limitations of site remediation.
A complete CSM should include a visud
representation of contaminant source and release
information , site geology and hydrology,
contaminant distribution, fate and transport
parameters, and risk assessment features such as
current and future land use and potentia
exposure pathways and receptors. Figure 2.1
provides an example of a CSM for a chlorinated
solvent spill. AFCEE recommends that every
site manager prepare a visua CSM for each site
they areresponsible for.

The CSM will generally be developed as a
part of the site investigation or feasibility study

phase of dte remediation. Many interim

SAES\WP\PROJECTS\730486\75.doc

remedial systems have been ingtaled and are
operating without a well-defined CSM. Other
remedial systems were designed based on an
inittal CSM that requires updating based on
recent operations and monitoring data. Changes
in land use, or changes in the enforcement of
institutional controls, can also ater the exposure
and risk assumptions of the CSM. The CSM is
intended to be a dynamic representation of site
conditions based on a continua influx of
information from the site. This section provides
an overview of the key elements of a CSM, with

emphasis on chlorinated solvent sites.

2.1 ELEMENTSOF A CONCEPTUAL
SITEMODEL

2.1.1 Source and Release I nformation

The CSM should include a description of the
source of contamination and what is known
about the timing and quantity of the release.
Most site characterizations begin by locating
aeas where chlorinated solvents were
originally released to the subsurface. In
many cases, the distinct source of
contamination is known to be a former
underground storage tank (UST), disposal
pit, fire training area, etc. However, many



FIGURE 2.1
ELEMENTS OF A CONCEPTUAL SITE MODEL (CSM)

Background Information

* Location of water supply wells.

» Ground-water classification.

» Nearby wellhead protection areas or sole-source aquifers.
* Locations of potential receptors exposure points.

Contaminant Source and Release Information

* Location, nature, and history of previous
contaminant releases or sources.

* Locations and characterizations of continuing Risk Assessment
releases or sources.

* Locations of subsurface sources (e.g., DNAPLSs).

* Flux of contamination from DNAPL.

* Current and future receptors.
» Exposure scenario’s.

» Completed pathways?

* Exposure concentrations.

Geologic and Hydrologic Information

* Description of regional and site geology.

* Physical properties of subsurface materials
(e.g., porosity, bulk density).

« Stratigraphy, including thickness, lateral extent, contin-
uity of units, and presence of depositional features,
such as channel deposits, that may provide preferential
pathways for, or barriers to, contaminant transport.

*» Geologic structures that may form preferential pathways
for DNAPL migration or zones of accumulation.

* Depth to ground water.

* Hydraulic gradients (horizontal and vertical).

* Hydraulic properties of subsurface materials (e.g.,
hydraulic conductivity, storage coefficient, effective
porosity) and their directional variability (anisotropy).

« Spatial distribution of soil or bedrock physical/hydraulic
properties (degree of heterogeneity).

» Temporal variability in hydrologic conditions

» Groundwater recharge and discharge information.

» Groundwater/surface water interactions.

Contaminant Distribution, Transport, and Fate Parameters

* Properties of DNAPLs that affect transport (e.g., composition, effective constituent solubilities,
density, viscosity).

 Phase distribution of each contaminant (gaseous, aqueous, sorbed, free-phase DNAPL or
residual DNAPL) in the unsaturated and saturated zones.

* Spatial distribution of subsurface contaminants in each phase in the unsaturated and
saturated zones.

« Estimates of subsurface contaminant mass.

» Temporal trends in contaminant concentrations in each phase.

* Partitioning coefficients and migration rates.

» Contaminant natural attenuation processes (destructive and non-destructive).

» Geochemical Indicators (aerobic/anaerobic).

Source: Adapted from EPA, 1993.
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industrial  source areas are dispersed and
difficult to find. For example, oil/water
Separators, and sanitary and storm sewers have
historically received chlorinated solvents from
aircraft and other maintenance shops (Figure
2.2).

pinpoint the exact source of contamination. Soil

At these gtes, it is often impossible to

gas surveys can be used to locate these dispersed
source areas at sites with sandy, permeable soils.
However, a sites with low permesbility soils,
locating dispersed sources will often require
excavation and remova of contaminated soils
This level of
intrusive characterization may not be possible

aong underground utilities.

along active utility corridors.

The timing and the amount of chlorinated
solvent released are equally difficult to estimate.
Historical records on chlorinated solvent use are
difficult to obtain, and if they exist are generdly
Installation Restoration
Program documents developed in the early
1980's. TCE was used by the Air Force for
approximately 40 years before it was phased out
in the early 1980s. TCE has not been widely
used at Air Force facilities for nearly 20 years.

found in Phase |

This fact is important when evauating the fate
and transport of chlorinated solvents and is
especialy estimating
degradation rates based on the breakdown
products of PCE or TCE.

important  when

In sandy soils, the amount of chlorinated

solvent remaining in the subsurface can be
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roughly edtimated based on a comprehensive
soil gas survey in aknown source area. Average
soil gas concentrations of chlorinated solvents
can be equated to soil concentrations to estimate
the mass of solvents in an impacted volume of
soil. Likewise, average groundwater
concentrations can be used to roughly estimate
the amount of chlorinated solvent dissolved in a

volume of impacted aquifer.

These methods are generally ineffective

edimators of contaminant mass in low
permeability soils or sites where chlorinated
solvents exist as dense non-aqueous phase
liquids (DNAPLS).

challenges posed by DNAPL contamination,

Because of the unique

Section 4 of this handbook provides more
detailed procedures for DNAPL recognition and
characterization.

2.1.2 Geologic and Hydrogeologic
Characterization

The CSM should
the
hydrogedogy. At a minimum, the CSM for a

include a complete

description  of ste geology and

chlorinated solvent site should include:

A genera description of site  geology
including major soil strata that are mpacted

by or influence the migration of

contaminants. Strata thickness, laterd

extent, continuity and depositional features
should be described.



FIGURE 2.2
CONCEPTUAL SITE MODEL OF DISPERSED SOURCES
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Physca and chemica

subsurface materials such as sieve anaysis,

properties  of

bulk density, porosity and total organic
carbon.

Geologic or manmade features which may
provide preferential migration of DNAPLS,
solvent vapors, or dissolved contaminants.

Depth to groundwater, seasond variations,
recharge and discharge information including

interactions with surface waters.

Range of hydraulic gradients (horizontal and
vertical).

Range of hydraulic properties (e.g., hydraulic
conductivity, storage coefficient, effective
porosity, seepage velocity).

Geochemica  properties influencing the
natural  biodegradation of  chlorinated
solvents.

The CSM should be updated to reflect
current estimates of these properties based on
site remediation experience. For example, the
hydraulic properties of an aquifer can be more
accurately estimated after a groundwater
extraction system has operated several months.
On dites where natural attenuation has been
selected as the groundwater remedy,

the movement (or stability) of the contaminant

tracking

plume provides valuable information that can be
introduced into an updated CSM.
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Because many shdlow, low-yield aquifers
are unsuitable for drinking water production,
contamination confined to these aquifers should
not be subject to drinking water cleanup
standards. The CSM should make a clear
distinction between potential sources of drinking

water and unproductive, shallow aquifers.

2.1.3 Contaminant Distribution, Transport
and Fate

In addition to describing the source of
the CSM should
the chemicd,
biodegradation properties of key contaminants

contamination, include a

summary  of physical, and
of concern and describe their distribution,
fae in
At a minimum, the CSM for a
chlorinated site should include:

movement, and the subsurface

environment.

Chemica and physical properties of

chlorinsted  compounds that  impact
subsurface  transport  (e.g., partitioning
coefficients, solubility, vapor pressure,

Henry’s Constant, density, viscosity)

An estimate of the phase distribution of each
contaminant (free-phase DNAPL, sorbed, in
soil vapor, or dissolved) in the saturated and
unsaturated zone.

Tempora trends in contaminant

concentrations in each phase.

Geochemical evidence of contaminant natural
attenuation processes (destructive and non-
destructive).




2.1.4 Geochemistry Impacting Natural
Biodegradation

At many sites, geochemical conditions may
support the natural biodegradation of chlorinated
The EPA Technical Protocol for
Evaluating Attenuation Protocol of Chlorinated

solvents.

Solvents provides a detailled explanation of
geochemical sampling procedures and methods
for interpreting geochemica data to determine if
biodegradation is likely to be occurring. Section
5 of this document provides a summary of how
site geochemistry can be used to determine
biodegradation Geochemica
indicators such as dissolved oxygen, nitrate,

potential.

iron, manganese, sulfate, methane, and hydrogen
ion concentrations should be reported in the
CSM.
solvents such as PCE and TCE, and daughter

The relaive digtribution of primary

products such as DCE and vinyl chloride should
be discussed in relation to the geochemica

profile.

2.1.5 Risk Assessment Site M od€l

Although the complexity of risk assessment
will vary from one ste to another and one
regulatory environment to another, there are
several common elements that should be
included in every CSM:

An anaysis of potential receptors (current
and future) which could be impacted by
contamination.
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An anaysis of potential exposure pathways
that could alow chlorinated compounds to

impact receptors.

A determination of what level of contaminant
exposure will not present an unacceptable
risk to receptors  (risk-based
cleanup goals).

impacted

Measurement of contaminant concentrations
at potential exposure points or estimation of
exposure point concentrations using fate and
transport models. These  exposure
concentrations are then compared to risk-

based cleanup goals.

Section 3 describes the risk assessment
process and specificaly how to develop risk-
based cleanup goals for chlorinated solvent sites.
Figure 2.3 illustrates a risk assessment Ste
model a typicd TCE gill

industrial/airfield area. The primary source of

for in an
TCE was aleaking UST; the secondary source is
the soil contaminated with DNAPL residuals.
Potentia

construction workers and noninstrusive office

receptors include utility and
workers. Potential exposure pathways include
soil gas inhalation, direct soil contact, direct
groundwater contact and inhaation of
groundwater volatiles. The reduction or removal
of risk can be accomplished by limiting

contaminant migration pathways or by
restricting (or properly protecting ) receptors to

prevent unacceptable exposure concentrations.



FIGURE 2.
INDUSTRIAL EXPOSURE SITE MODEL

3

/Contaminated Soil

494949 =S

Contaminated Groundwater

1CE

Possible

Site Sources Media

Affected Release Mechanisms/
Migration Pathways

|
Soil

* Solvent leaks| |
from USTs.

* Direct releases
of contaminants
into soils.

* Contaminants
volatilizing into
the atmosphere.

¢ Disturbance of
contaminated
soils by excavation.

* Leaching of
contaminated soil
into groundwater.

Groundwater

¢ Direct releases of
contaminants into
groundwater.

Exposure
Routes

« Incidental ingestion.
* Dermal contact.

¢ Inhalation
of volatilizing
contaminants.

« Inhalation of
fugitive dust.

Potential
Receptors

* Onsite intrusive
workers.

* Nonintrusive
workers.

* Onsite intrusive
workers.

¢ Nonintrusive
workers.

«‘ Ecological I

* Downgradient
migration of
site contaminants.

¢ Inhalation of
volatiles.

* Dermal contact.

* No exposed
populations, due to
industrial land use

* Onsite intrusive
workers.

¢ Nonintrusive
workers.

¢ Onsite intrusive
workers.

* Nonintrusive
workers.

{ Ecological I

* No exposed
populations, due to
industrial land use
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The goal of risk-based remediation is to find the
most cost-effective method of reducing present
and future risk by combining three risk reduction
techniques:

Chemical Source Reduction - Achieved by
natural attenuation processes over time or by
engineered removals such as excavation and
soil vapor extraction.

Chemical Pathway Elimination - Examples
include the natura attenuation of a
groundwater plume, semi-permeable barrier
walls or pumping to stop the migration of

contaminants toward downgradient receptors.

Restrict/Protect Receptors - Land use and
groundwater use controls such as dte
fencing, surface capping, digging restrictions,
protective clothing , and groundwater well
restrictions can eiminate chemical exposure
natural attenuation or

until engineered

remediation reduce the chemica source.

Often at military facilities scheduled for
closure, the future land use may differ from the
In such situations the most
conservative expected land use should be used to
Industrial  or

commercial land use should be assumed unless

current land use.

complete the site mode.

resdential land use is specifically included in a

future land use plan.
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2.2 LIMITING CURRENT AND FUTURE
EXPOSURE TO CONTAM INANTS
Because risk-based remediation methods rely
on a clear understanding of how humans or
ecological receptors could be exposed to
chemicals (exposure pathways), it is essentia to
have a complete knowledge of the current land
use and potential land use changes. Most
chlorinated solvent sites on Air Force facilities
are located in the industrid/airfield areas of the
base. On-site workers typicaly work 8-hour
shifts indgde buildings or outside, working on
aircraft or support equipment. Excavation in
contaminated soils is generaly restricted to
short-term utility repairs and workers are
required to use persona protective equipment
(PPE).
abovegrade concrete dabs.  With the exception

Most buildings are constructed on

of missile facilities, few Air Force industria
buildings have basements which could be
directly impacted by contaminated soil and soil
gas. As arule current land use is generdly
industrial
exposure to contaminated soil, soil gas, or

in nature with minimal human

groundwater. This isolation of workers from
Site contamination (no exposure pathways) is an
important element of the Air Force risk-based
remediation strategy.

2.2.1 Maintaining Industrial Land Use

On active Air Force ingdlations, future land
use is specified in the Base Master Plan.  This
document is maintained by the Base Civil

Engineer, and specifies areas of the base for



various land uses such as flightline/industrial,
warehousing/storage, administration, community
residentia and
Land the
flightline/industrial area rarely changes because

services, and housing

dormitories. use  within
of the incompatibility of other land uses with
flightline noise and aircraft support activities.
Most solvent-contaminated sites are located
within the flightlinefindustrial land use category.
Check the Base Master Plan to ensure that no
dggnificant change in land use or new
congtruction is alowed at chlorinated solvent
dtes without considering the potentia for

chemical exposure.

2.2.2 Digging Restrictions and Protection of
Workers

The greatest potentiad for
contaminated soil and groundwater will occur

exposure to

during new building congtruction or utility
repairs or replacement. It is important that the
supervisors of utility shops and base
construction planners be informed of the known
aress of contamination so that any excavation in
these areas can be completed with careful air
monitoring and proper protective clothing.
Digging in contaminated soils should be avoided
or minimized. The base digging permit program
should aert workers to the potentiad for
contaminated soil and require that al excavation
and drilling be completed with adequate health

and safety precautions.
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2.2.3 Groundwater Use Redtrictions

Although most chlorinated solvent spills may
be confined to shallow aguifers that are not used
for domestic water supplies, there are spills
which impact potentia drinking water aquifers.
It may be necessary to impose groundwater use
restrictions in the vicinity of chlorinated solvent
spills for two reasons:

Pumping of groundwater, even for irrigation
purposes, will lead to increased exposure to
groundwater contaminants.

Pumping of groundwater outside of the
contaminated area may increase the mgration
of contaminants away from the source and

spread contamination to alarger area

For these reasons, groundwater pumping
restrictions should be formally adopted in the
Base Master Plan. The area of these redtrictions
should be determined by a professiond
hydrogeologist based on the characteristics of

the contaminant plume and aquifer.

2.2.4 Ingtitutional Controlsfor Realignment
and Closure Bases

On indalations that are scheduled for
closure or redlignment, the question of future
land use becomes more critica. While most
flightline areas on closure bases will remain in
industrial/commercia land use, forma deed or
lease restrictions must be in place to ensure that
the new landowner (private or

the

public)

understands extent of  remaining



contamination and the need to redtrict certain
future activities or land uses. In general, Air
Force Base Realignment and Closure (BRAC)
officials should seek risk-based closures of
contaminated sites which make maximum use of
deed or lease redtrictions to minimize the
potential for future human exposure to
contaminants. The BRAC Environmenta
Program Fact Sheet (DoD Policy on Institutional
Controls) provides an overview of institutional
controls and how they can be applied during
BRAC land transfers. This guidance is available
on the DoD BRAC Environmental Homepage at
http://www.dtic.mil/envirodod/envbrac. mil.
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SECTION 3
DEVELOPING RISK-BASED CLEANUP GOALS

this section will assist you in:

Determining what risk-based screening levels
may be appropriate for an industria/airfield
site contaminated with chlorinated solvents;

Developing site-specific cleanup goals based
on redlistic exposure scenarios at this site;

and

Egtimating the
concentration as opposed to the maximum

average  exposure

concentration at the site.

Once the CSM has defined the source of
chlorinated solvent contamination, potentia
pathways, and potential receptors, the task of
defining risk-based cleanup objectives can

begin. Thisis generaly atwo step process:

An initial comparison of potential exposure
industrial
screening levels for each contaminant of

concentrations to conservative
concern. For sites with potentia discharge to

surface water, a comparison to ecologica
screening levels may be appropr iate.
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contaminant  exceeding  these

levels is

Any
consgrvative  screening next
evaluated using more redlistic, site-specific
exposure assumptions to determine if an
unacceptable human health or ecological risk

could actually exist.

the
flexibility to replace potentialy conservative,

This two-step approach provides

nonsite-specific exposure assumptions with site-
specific information, while till providing the
same level of human health and environmental
resource protection. Increasingly complex levels
of data collection and risk evaluation may be
performed to establish the type and magnitude of
remediation required to reduce or eiminate
unacceptable risks a a particular site.  This is
accomplished primarily by replacing nonsite-
specific (i.e., default) assumptions about how
chemicals behave in the environment and how
receptors may be exposed, with site-specific data
and assumptions that are more representative of
actual dte conditions and redlistic exposure
pathways for human and ecologica receptors.
This section summarizes how site-specific
cleanup goals can be established.



3.1 CONDUCTING A SCREENING LEVEL
EVALUATION

A screening level evaluation provides a way
of quickly identifying whether a particular
chemical warrants additiona risk evauation.
Screening levels are conservative (hedth
protective), generic cleanup criteria that define
the residual amount of a contaminant that can
remain onsite and not present an unacceptable
risk to potentia receptors. AFCEE recommends
the use of industrial land use screening levels for
all sites where chlorinated solvent contamination
is confined to industria/airfield areas. For sites
with the potential for discharge to surface
waters, ecological screening levels also may be

appropriate.
3.1.1 Industrial Screening Levels for Human
Receptors

Screening levels are generadly based on
(RME)

assumptions and can be either hedth protective

reasonable  maximum  exposure
or designed to mitigate nuisances associated
with chemica contamination (e.g., taste and
odor). In order to select (or develop) appropriate
screening levels, basic information about the
curent and potential future land and
groundwater uses at or downgradient from the
ste must be thoroughly documented in the
CSM. Typically, screening levels for industria
land use scenarios assume prolonged (i.e, 25
year) exposure to al contaminated media. Many
published industrial screening levels assume

ingestion of onsite groundwater by a specific
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receptor group (e.g., industrial onsite workers).
While this is seldom the case on Air Force
installations, these conservative screening levels
may be appropriate if groundwater use can not
be absolutely controlled through pumping
regrictions (in particular BRAC bases). In
genera, industrid screening levels are
appropriate for an Air Force ste if al of the

following conditions are satisfied:

Residentia land use currently does not occur
at the site;

A future resdential land use scenario is
unredligtic (based on the base master plan,
loca zoning requirements, access control,
proposed property transfer plans, etc.); and,

Historical plume concentrations or modeling
indicate that the chlorinated solvent plume
will not migrate into a residential area or is
not within the pumping influence of a
drinking water well. In this case, industria
screening criteria may be appropriate for the
on-base portion of the plume, while off-base
groundwater may be subject to residentia

screening criteria.

USEPA (1995a) guidance on establishing
land use for CERCLA remedia evauations
provides useful information on how best to
define and defend land use assumptions. Any
assumptions  regarding land use should be
included and explained in the CSM (Section
2.2). Once the appropriate land use category has



been defined, the types of exposure pathways to
be considered in the screening evaluation should
be defined by the CSM. Table 3.1 provides an
example of soil and groundwater screening
levels for common chlorinated compounds based
on two conservative industrial exposure
scenarios compared to resdentia screening

standards.

Exposure Scenario 1 - A non-intrusive
grounds keeper who is exposed to soils via
ingestion, dermal contact, and inhalation and is
exposed to shallow groundwater via hhalation
of vapors emanating from groundwater. This
exposure occurs for 250 days per year over a 25-
year period.

Exposure Scenario 2— An intrusive utility

or condruction worker is exposed to
contaminated soil via ingestion, dermal contact,
and inhalation, and is exposed to groundwater
via derma contact and inhalation. This

exposure occurs over asingle 60-day event.

Exposure Scenario 3 — Residential exposure
based on 30 years of soil contact and
groundwater derma contact, vapor inhalation,
and ingestion of soil and groundwater.

Two types of soil screening levels may be

gpplicable a soil screening level that is
protective of underlying groundwater quality
(commonly called soil leaching screening level)
and a direct-contact (hedth-protective) soil

screening level.  The soil leaching screening
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level typicadly is more stringent than the soil
direct contact screening level. Because soil
remediation is often driven by the need to
protect underlying groundwater, the potential
use of groundwater must be discussed, agreed
upon, and documented by the Air Force and

regulatory officials.

The last step in defining appropriate screening
levels is determining the risk target level.
Generally speaking, acceptable target risk ranges
carcinogens (e.g., chloride) fal
between 10° to 10" (USEPA, 1991b). These
risk ranges correspond to an added lifetime
cancer risk of 1 in 1,000,000 to 1 in 10,000 for

people exposed to site contamination. Screening

for vinyl

levels for carcinogens typically are based on an
extremely protective 10° target risk leve
(commonly referred to as ade minimis risk level,
meaning that a 1 in 1,000,000 risk level is so
small as to be of negligible concern. A 10°
target risk level should be considered very hedth
protective, given that the "norma background
level" of cancer in the genera population is
about one in three persons (30 to 35 percent)
(USEPA Region 8, 1994).
USEPA (1996) believes that setting a 10° target
risk leve for individua chemicals and pathways

For carcinogens,

generaly will lead to cumulative risks within the
10* to 10° risk range for the combinations of
chemicals typically found at contaminated Sites.
Table 3.1 screening values for carcinogens are
marked with a “C” and represent a 10° target
rsk leve.



TABLE 3.1
EXAMPLE SCREENING LEVELSFOR CHLORINATED SOLVENTS

Scenario 1 Scenario 2 Scenario 3

Nonintrusive Site Worker Intrusive Site Worker Resident

Soil: ingestion, dermal, inhalation Soil: ingestion, dermal, inhalation Sail: ingestion, dermal, inhalation

Groundwater: inhalation Groundwater: inhalation and dermal Groundwater: ingestion and inhalation

Exposure: 250 day/year; 25 year Exposure: 60 day/year; 1 year Exposure: 350 day/year; 30 year
Chemical USEPA Soil-to- Groundwater Soil Soil-to- Groundwater || USEPAR9 USEPAR9 USEPA R9

RY Soil  Groundwater (Hg/L)¥ (mg/kg)  Groundwater (Mg/L) Soil (20 DAFY)  Tap Water
(mg/kg)®  (mg/kg) (mg/kg) (mg/kg) Soil-to- (1)
Groundwater
(mg/kg)
1,1,1-Trichloroethane (N) 1.40E+03 8.05E+05 8.36E+07 2.88E+04 2.47E+03 2.57E+05 7.70E+02 2.00E+00 7.90E+02
1,1-Dichloroethene ( C) 1.20E-01 2.32E+01 2.83E+03 3.46E+01 1.03E+01 1.26E+03 5.40E-02 6.00E-02 4.60E-02
1,2-Dichloroethane (C) 7.60E-01 1.98E+02 4.15E+04 2.10E+02 1.22E+02 2.55E+04 3.50E-01 2.00E-02 1.20E-01
1,2-Dichloroethenetotal(N)| 1.50E+02 2.79E+04 4.58E+06 1.34E+03 1.08E+03 1.78E+05 4.30E+01 4.00E-01 6.10E+01
Carbon tetrachloride (C) 5.30E-01 1.25E+02 9.53E+03 1.34E+02 2.50E+01 1.90E+03 2.40E-01 7.00E-02 1.70E-01
Tetrachloroethene (C) 1.90E+01 4.84E+03 4.19E+05 2.21E+03 2.52E+01 2.18E+03 5.70E+00 6.00E-02 1.10E+00
Trichloroethene (C) 6.10E+00 2.30E+03 2.01E+05 1.24E+03 6.03E+02 5.27E+04 2.80E+00 6.00E-02 1.60E+00
Vinyl chloride (C) 4.90E-02 1.04E+01 1.56E+03 1.43E+01 7.63E+00 1.15E+03 2.20E-02 1.00E-02 2.00E-02
¥ R9 = USEPA Region 9
® mg/kg = milligrams per kilogram
o Mo/L = micrograms per liter
9 DAF = Dilution Attenuation Factor
34
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The TCE Controversy

There is significant controversy over the toxic
effects exposed to
concentrations of TCE. Appendix A provides a

on  humans low
more detailed review of this controversy and
summarizes many of the facts regarding toxicity
testing. To date, the AFCEE believes that
existing evidence supports the following

conclusions;

Epidemiological studies conducted on tens of
thousands of workers repeatedly exposed to
TCE in the workplace have found little
evidence that TCE causes cancer in humans.

The available toxicity values for TCE are
outdated and were based on TCE-induced
cancer in mice. The EPA has proposed new
methods for evauating the cancer risk of
chemicals which should provide a more
rational basis for estimating TCE toxicity.
Evidence presented in Appendix A suggests
that the pharmacokinetics, modes of action,
and toxicity of TCE in laboratory animals
may be dgnificantly different from the
expected Most
significant is the growing evidence that TCE-

response in  humans.
induced cancer occurs as a result of a
threshold exposure, below which no cancer
formation is expected. Repeated exposure to
low concentrations of TCE may result in the
metabolisn of TCE with little negative
impact on the human body.
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Due the lack of evidence supporting the
carcinogenic effects of TCE, the EPA
withdrew the Integrated Risk Information
System (IRIS) database for TCE in 1986 and
has not provided updated toxicity values for

usein risk assessment.

Toxicologists employing threshold toxicity
response models
epidemiological data have estimated that a
level of 210 ng/L in drinking water should be
protective of human hedth. The current
USEPA drinking water MCL of 5 ng/L was
based on the reliable detection limits of
analytical
toxicological data.

and available

instruments not current

Canada has published a Maximum
Acceptable Concentration of 50 ng/L for
TCE in drinking water and the World Health
Organization has established 70 ny/L as a

recommended guideline for drinking water.

Equa
noncarcinogenic hazard quotients (relevant to

importance must be given to

analytes that cause non-tumor-related illnesses).
The acceptable target hazard quotient for
noncarcinogens (e.g., 1,2-DCE) is sat by
USEPA (1989)] at less than or equa to 1. Table
3.1 screening levels for non-carcinogens are
identified with an “N.”  Sources of published
screening levels for human receptors include:

USEPA (1996) Soil Screening Guidance
(EPA/540/R-96/101);




Regionad USEPA RBSLs [some of the 10
USEPA Regions (e.g., USEPA Region 3 or
9) have adopted some type of industrial
screening-level criteria].

Although the USEPA (1996) has developed
soil screening levels (SSLs) for most chlorinated
solvents, a more comprehensive list of SSLs has
been developed by USEPA Regions 3 and 9
(USEPA Region 3, 1996: USEPA Region 9,
1999). The Region 3 and 9 SSLs are acceptable
to most state regulators in the absence of
specific program guidance because these values
have been peer reviewed and address industria
as well as resdentia land use scenarios. The
USEPA does not currently provide industria
screening levels for groundwater in a look-up
format. The groundwater screening values
provided in Table 3.1 are based on dermal
inhalation pathways,
The residentia screening values

contact and/or not
ingestion.

assume groundwater ingestion.

3.1.2 Screening Levelsfor Ecological
Receptors

In addition to potential human receptors, a
screening level evaluation should consider
potential  ecological receptors and other
environmental resources that could be mpacted
by ste contaminants. The site CSM should
address the potential for ecologica receptors to
be involved in completed exposure pathways.
Most Air Force solvent release stes are in
concrete and asphalt covered industrid/airfield

areas that lack suitable habitat to support
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terrestrial  ecological receptors. However,
shalow groundwater often discharges to nearby
surface waters creating a potential exposure
Remedia
decisions at some chlorinated solvent sites have
been influenced by the need to protect ecological

receptors found in nearby streams or wetlands.

pathway for aguatic organisms.

Screening levels for ecological receptors are less
readily available and less universaly accepted
than those for human receptors. At sites where
aguatic receptors may be exposed to dte
contaminants in surface water, state or federa
water quality criteria should be adopted as the
Table 3.2 lists example

screening levels applicable to surface water

screening  levels.

aguatic organisms for severd common

chlorinated compounds.

Possible sources of published screening

levels for ecological receptors include:

Federa water quality criteria (USEPA,
1991b) and state surface water quaity
standards developed to be protective of the
most sensitive aguatic species. Often there
are criteria established for both chronic (long-
term) and acute (short-term) exposures.
Where available, the chronic values should
be used as screening levels. Because the
federa criteria are not promulgated, state
standards should be used as screening levels
for protection of aguatic life whenever they
areavailable.



Toxicologica benchmarks developed in the
technical literature for ecologica receptors
exposed to contaminated media through
ingestion or uptake (e.g., no-observed-effect
levels (NOELSs) for terrestrial wildlife, and
agriculturd  phytotoxicity guidelines for
terrestrial plants). Chlorinated solvents are

not bioaccumulated in plants or wildlife.

Sediment quality criteria developed to be
protective of benthic aquatic organisms (e.g.,
Long and Morgan, 1991; USEPA, 1993a).

3.1.3 Comparing Site Contaminant
Concentrations to Screening Levels

Once applicable screening levels are
identified,

straightforward.

the evaluation process is very
The evaluation consists of
comparing representative  exposure-point
concentrations from recent site sampling events
to applicable screening levels. It is important to
use the most recent site contamination data

AFCEE generally recommends evauating the

two most recent sampling events and a

comparison of maximum detected dSte
concentrations to applicable screening levels.
The satigticaly averaged dte
concentrations may be appropriate at many sites
and is discussed in Section 3.3. Table 3.3

presents an example format that can be used to

use of

quickly summarize the conclusons of a

screening level evauation.

Analytical data for soil and groundwater are
usualy available for most sites. However, one
of the most common exposure pathways for the
volatile chlorinated hydrocarbons is based on
protection of indoor and outdoor ambient air
quality. If no ambient and/or indoor air samples
were collected during site characterization
efforts (which is typicd), it is possble to
estimate the con centration in air due to
volatilization from subsurface sources such

as contaminated soils and groundwater, or

TABLE 3.2
EXAMPLE SCREENING LEVELSFOR AQUATIC ORGANISMS

Federal AWQC ¥ Federal AWQC ¥
Freshwater Marine
Acute Chronic Acute Chronic
Chemical (mg/L) ™ (mg/L) (mg/L) (mg/L)
1,1,1 Trichloroethane - - 31,200 -
1,1 Dichloroethene 11,600 - 224,000 -
1,2 Dichloroethene 11,600 - 224,000 -
1,2 Dichloroethane 118,000 20,000 113,000 -
Carbon tetrachloride 35,200 - 50,000 -
Perchloroethene (PCE) 5,280 840 10,200 450
Trichloroethene 45,000 21,900 2,000 -
Vinyl Chloride - - - -
4 Ambient water quality criteria, value presented isthe
L owest-observed-adverse-effect level (USEPA, 1991).

" mg/L = micrograms per liter.
¢ A dash (-) indicates avalueis not available.
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EXAMPLE SOIL SCREENING TABLE

TABLE 3.3

Risk-Based Screening Levels
Detected Analyte Units Maximum Maximum Nonintrusive IntrusiveWorker | Protectiveof
1997 1999 Worker Health Health-Based Underlying
Concentration | Concentration Basedon (Soail Ingestion/ Groundwater
A mbient Air Dermal When
Inhalation Contact/V apor Groundwater
Inhalation ) is Ingested
Trichlorethene mg/kg 7.2* 4.9 6.1 1240 0.06
1,2- Dichloroethene | mg/kg 2.5 2.4 150 1340 0.400
1,1 Dichloroethene mg/kg 0.09 0.15 0.12 210 0.06
Vinyl Chloride mg/kg <.005 <.005 0.049 14.3 0.01
Chlorobenzene mg/kg 4.6 3.8 94 41,000 0.6

* Shaded boxes indicate exceedence of screening levels.

use soil gas flux measurements (USEPA, 1986)

as surrogate comparison levels to inhaation-

based screening levels.

Actua indoor or outdoor breathing zone gas

sampling

concentrations are likely to be significantly
higher and overly conservative compared to
actual indoor and outdoor breathing zone air

concentrations.

is preferred, because soil

flux

The comparison of screening levels to site

contaminant levels will result in one of the

following outcomes:

1. Maximum Detected Site Concentrations £

Applicable Screening Levels

To assess whether an immediate site closure
or No Further Remedid Action Planned

(NFRAP) decison document

can be

prepared, measured site concentrations must
be equal to or below applicable screening
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levels considering on- and offsite receptors
under current and future conditions. The
screening level selected for comparison to
Site concentrations must be conservative
enough to protect the potentialy most
receptors,
under any redlistic current or future land use

exposed human or ecologica

scenario. The burden of proof is on the Air
Force to adequately demonstrate that risks to
current and especialy future potential
receptors are acceptable. This may result in
an agreement to monitor for some period of
time to ensure future site conditions

consistently support this finding.

Maximum Detected Concentrations >
Applicable Screening Leves

The principal requirement is to determine
which of the following options is necessary
or desirable, to protect human health and the
environment:



Option 1 - Take immediate (interim)
remedia action to prevent unacceptable
hazards. If the screening level evaluation
suggests that current receptors could be
exposed to contamination at
concentrations above the screening
levels, some type of immediate response
action may be necessary. Examples
could include an exising indoor
inhaation hazard from subsurface vapor
concentrations or a groundwater plume
rapidy migrating toward a drinking

water well.

Option 2 - Develop a long-term remedial
action plan to achieve screening levels
usng some combination of source
reduction natural
attenuation, and ingtitutional controls. At

technologies,
some dtes, soil and  groundwater
contamination may exist a levels that
present a future risk to industrid/airfield
workers. On BRAC ingtalations, future
land use may be uncertain and it may be
difficult
contaminated media and for how long.

to control who contacts

In both of these situations, the Air Force

may decide to implement remedid
actions to reduce contaminant
concentrations below risk-based

screening levels.  Source reduction and
plume remediation

discussed in Sections 4 and 5.

strategies  are

SAES\WP\PROJECTS\730486\75.doc

39

Option 3 - Conduct a ste-specific risk
evaluation to more accurately (and
redistically) estimate potential risk to
human health and the environment and, if
necessary, to redefine risk reduction
requirements.  This option is most
appropriate for active ingallations where
the current and future receptor’s contact
with contaminated soil and groundwater
can be limited by enforceable land and
groundwater use restrictions. Depending
on the complexity of the site, a Ste-
specific risk evaluation may represent a
relatively small incremental effort, or it
may represent a significant investment in
comparison to a screening evaluation.
The tradeoff is that long-term compliance
costs will be minimized by establishing
yet  hedth-protective
cleanup gods. Section 3.2 summarizes

less stringent,

the mgjor eements of establishing site
specific target levels (SSTLS).

3.2 CONDUCTING SITE-SPECIFIC RISK
EVALUATIONS

A dtespecific risk evaluation may be
appropriate when the screening levels discussed
in Section 3.1 are overly conservative or do not
adequately describe the exposure pathways or
receptor scenarios at the site. While industria
screening  criteria  assume  only  minimal
ingtitutional and engineering controls at a site,
active Air Force facilities can enforce more rigid

controls over excavation activities. Sites are



often covered with concrete or asphalt and are
not normally accessible to site workers. SSTLs
are dternate cleanup objectives that are more
representative of site conditions than screening
levels. SSTLs differ from screening levels in

severa ways.

SSTLs incorporate site-specific data rather
than generic assumptions about land and

groundwater use restrictions,

SSTLs ae based on more reasonable
exposure routes given the likelihood that
reliable and enforceable exposure controls
will limit/prevent certain types of receptor

exposures to contaminated media;

SSTLs account for the positive impacts of
natural chemical attenuation processes on
interrupting potential exposure pathways
and/or

minimizing exposure-point

concentrations; and

SSTLs may sometimes be based on higher
(less conservative) target risk levels than
the decreased
probability of actual exposure is documented.

screening  levels, once

3.2.1 SSTLsfor Human Receptors

SSTLs can be developed for potential human
receptors using site-specific data and exposure
assumptions that are more representative of site
conditions. A professiond risk assessor should
be consulted to establish credible SSTLs that are
with USEPA-recommended
procedures. Technica guidance on developing

consistent
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SSTLs using site-specific exposure assumptions
and defensble toxicity data is provided in
USEPA risk assessment documents.

Table 3.4 provides an example of how ste-
specific exposure assumptions can result in
SSTLs which are more attainable then screening
levels illustrated in Table 3.1. Example SSTLs
for two site specific scenarios are included in
Table 3.4

Exposure Scenario 4 - A non-intrusive
grounds keeper who is exposed to soils via
ingestion, dermal contact, and inhalation and
is exposed to shdlow groundwater via
inhalation of vapors emanating from
groundwater. This exposure occurs for only
50 days per year over a 25-year period

(versus 250 days/year for screening level).

Exposure Scenario 5— An intrusive utility

or congruction worker is exposed to

contaminated soil via ingestion, dermal

contact, and inhaation. There is no
groundwater exposure due to the greater
depth of groundwater (> 12 feet). This

exposure occurs over a 60-day period.

Exposure Scenario 6 — A Scenario 5
intrusive utility or construction worker
wearing protective clothing to prevent dermal

contact and soil ingestion.

Comparing Tables 3.1 and 3.4 illustrates how
an SSTL can differ from a screening levd,
and till provide the same level of protection



(i.e., be based on similar target risk levels).
Note that changing the assumption about the
duration of exposure and level of PPE
significantly changes the target cleanup
levels for soil and groundwater.

3.2.2 SSTLsfor Ecological Receptors and
Environmental Resources

Where surface water quality may be
degraded by site contamination, and in states
that have promulgated surface water quality
standards for protection of aguatic life, the state
standards that were used as screening levels may
also become the SSTLs. However, at such sites
it is important to carefully document the
receptors present in the affected water body, and
to note visible evidence of adverse effects, or

lack thereof (e.g., absence of aguatic organisms

that are present in unaffected portions of the
same or smilar nearby water bodies). A
discussion of the impacts of natural attenuation
on chemicals in the surface water, based on
differences in concentrations a the point of
contaminant discharge and downstream from the
dte, dsoisimportant. Natura processes such as
volatilization, dilution, and photo-oxidation can
rapidly
aquatic life screening levels, making corrective

reduce CAH concentrations beow

action to address surface water contamination
unnecessary. At some sSites, more extensive
surface water and sediment sampling may be
necessary to establish actual  exposure
concentrations. Under no circumstances should
exposure concentrations be automatically
equated to groundwater concentrations.

Table3.4
Comparison of Industrial Screening Level and SSTL
Scenario 4 Scenario 5 Scenario 6
Nonintrusive Site Worker Intrusive Site Worker |[Intrusive Worker w/PPE

Soil: ingestion, dermal, inhalation Soil: ingestion, Soil: Inhalation only

Groundwater: inhalation dermal, inhalation No dermal contact

Exposure: 50 day/year; 25 year Exposure: 60 day/year; || Exposure: 60 day/yr;

1year lyr
Chemical Sail Soil-to-  Groundwater] Sail
(mg/kg)? Groundwater  (ug/L)” (mg/kg)
(mg/kg)
1,1,1-Trichloroethane 4.37E+04 4.02E+06  4.18E+08 2.88E+04 4.33.E+04
1,1-Dichloroethene 1.79E+00 1.16E+02  1.42E+04 3.46E+01 3.91E+01
1,2-Dichloroethane 1.08E+01 9.91E+02  2.08E+05 2.10E+02 2.35E-02
1,2-Dichloroethene, total || 1.66E+03  1.40E+05  2.29E+07 1.34E+03 1.42E+03
Carbon tetrachloride 127E+01 6.25E+02  4.76E+04 1.34E+02 1.52E+02
Tetrachloroethene 1.76E+02 242E+04  2.10E+06 2.21E+03 6.13E+03
Trichloroethene 119e+02 1.15e+04  1.01E+06 1.24E+03 1.34E 03
Vinyl chloride 759E-01 5.20E+01  7.80E+03 1.43E+01 1.69E+01
311
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In the rare instances where it is necessary to
develop SSTLs for ecologica receptors, a risk
assessor can caculate such vaues for the
various affected media to which receptors are
exposed by using literature toxicity data to
develop safe chemicad- and matrix-specific
concentrations that are appropriate to the
predominant exposure routes involved.  For
example, exposure concentrations based on
chemica properties (e.g., bioavailability) and
behavioral characteristics of the affected
receptors can be estimated using smple bio-
uptake models and exposure models. However,
this step is rarely required, and should not be
undertaken unless expressly requested by the

regulators involved.

3.2.3 Determining Site-Specific Exposure
Concentrations

The use of maximum site detections provides
an ovely consarvative estimate of the actua
concentrations that site workers will be exposed
to. While the use of maximum detections is
appropriate for screening andysis, or for small
stes with relatively few sampling locations,
USEPA’s Supplemental Guidance to RAGS
Calculating the Concentration Term (1992a)
clearly dates that the arithmetic mean is the
preferred parameter when estimating exposures
to site contaminants. An estimate of the average
concentration (typicaly, the upper confidence
limit [UCL]
recommended by USEPA (1989, 1992b)
because:

on the arithmetic mean) is
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1. Cancer and noncancer toxicity information

are based on lifetime average exposures;

2. The average is most representative of the
concentration site  workers  would be
exposed to over time; and

3. For site where remediation is necessary, the

preferred measure for  demonstrating
attainment of a cleanup god is the average

contaminant concentration.

The USEPA documents cited above provide
guidance on edtimating average dSte
concentrations and comparing average Site
concentrations to background and/or cleanup
levels. While use of an average
concentration provides a more technicaly
defensble estimate of exposure, it is
important to consider the objectives,
requirements, and costs associated with a
dtatistical procedure (e.g., minimum number
of samples, acceptable error rates, Ste-to-
background  comparisons, location  of
samples, etc.) when deciding if average
be used.
average site concentrations are recommended

the

concentrations  will Generally,
when maximum concentrations fail
screening analysis and the potential costs of
based
concentrations exceeds the cost of gathering
enough data to produce a datigtically valid
average concentration. Figure 3.1 illustrates

remediation on maximum

the difference between maximum and

average exposure concentrations at a dte



FIGURE 3.1
MAXIMUM vs AVERAGE SOIL EXPOSURE CONCENTRATIONS
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with soil contamination. In this illustation,
the maximum detected concentration of TCE
(20 mg/kg) exceeds the industria soil
screening level of 6.1 mg/kg, while the
average concentration at the 95% UCL (5.9

mg/kg) indicates no exceedence.

3.2.4 Factoring Natural Attenuation Into
Exposure Assessment

In addition to developing an SSTL that
reflects actual receptor exposure potential, the
impact of natural chemical attenuation processes
on CAH compounds over time should be
considered. Detailed guidance on documenting
the natura attenuation of CAH compounds is
found in Section 5. This is an important
the Air risk-based
remediation strategy because:

component  of Force

Field-scale evidence of natura chemical
atenuation can be monitored over time to
confirm the effectiveness of these processes
at minimizing contaminant mass, persistence,

mobility, and toxicity; and

The timeframe for achieving various leves of
risk-reduction can be estimated and factored

into long-term land use decisions.

Natural attenuation can be factored into risk

evaluations in many ways, for example:

Chemical fate modeling results can be used
to assess whether existing concentrations can
migrate to potentia exposure points at
concentrations above the screening level or
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SSTLs. The role of natura attenuation in
reducing the toxicity of TCE is described in
Borgert et a. (1995). Borgert indicates that
in soils, the half-lives of most chlorinated
solvents are less than two years, which will
result in a 10- to 40- fold decrease in the soil
and soil vapor concentrations used to assess
the potential effects on receptors over a 25-
to 30-year exposure period. Longer haf-
lives, but significant decreases in chlorinated
solvent concentrations have aso been
observed in groundwater a many sites
(Wiedemeier, 1999). Once chlorinated
compounds are released to the atmosphere
they are rapidly destroyed by photo-
oxidation. For example the photo-oxidation
half-life for TCE ranges from 1 to 10 days
and the haf-life for vinyl chloride is 0.5 to 4

days (Howard, et. a., 1990).

Chemical fate modeling results also can be
used to estimate the timeframe equired for
more restrictive ingtitutional controls.  For
example, vinyl chloride concentrations may
currently exceed Ste screening levels or
SSTLs, but fate and transport modeling may
indicate that vinyl chloride is being degraded
at a relatively rapid rate. Restrictions on
excavation or new construction on this site
may only be required for a relatively short
timeframe. This information would be very
useful for base master planning or for base

realignment or closure actions.



3.2.5 Conductinga More Complex Risk
Evaluation

A more complex risk evaluation may be
warranted if SSTLs cannot be achieved in a
reasonable time frame or at reasonable cost
using the primary remedia approaches and
technologies. This level of risk evauation
should only be conducted for sites where:

A quantitative risk assessment using
sophisticated modedling (e.g., Monte Carlo
simulations) is necessary to define ptential

site risks with minimal uncertainty;

Ovely restrictive land and/or groundwater
use controls would have to be enforced to

prevent unacceptable exposure; and

Expensive containment or isolation remedial
technologies (e.g., pump and treat, leachate
recovery, or durry walls) are required to
minimize or interrupt mtentialy significant
exposure pathways.

Complex risk evauations will rarely be
required for Air Force sites, and are more likely
at mixed-waste sites where soil or groundwater
has a high potentiadl to contact human or

ecological receptors.

SAES\WP\PROJECTS\730486\75.doc

315



SECTION 4
SOURCE IDENTIFICATION AND REMEDIATION

This section will assist you in:

Understanding the fate and transport of

chlorinated solvents in the source area:

Determining if DNAPL contamination is
likely to be present at the site;

Evaluating proven and emerging
technologies for DNAPL and source area

remediation; and

Justifying a technical impracticability (TI)
waiver when source area remediation is

impossible with today’ s technologies.

4.1 OVERVIEW

Once chlorinated solvents have been
introduced to the their
characterization and removal are problematic.
cost-effective

subsurface,
Where possible, remediation
strategies should focus on identifying and
delineating those parts of the subsurface
environment containing the greatest mass of
introduced chemicals, or where chemicas are
present at high concentrations. These areas
represent potential chemical source areas, from

which chemicals can leach into groundwater,
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migrate to surface-water bodies, or volatilize
into soil vapor. These areas can function as
long-term contaminant sources, contributing
chemical mass to the environment for decades.
Identification and reduction of chemica source
areas is essential, particularly when natura
attenuation processes are dow and the cost of
containing resultant groundwater plumesis high.
This section provides an overview of chlorinated
solvent fate and transport properties, describes
current methods for identifying source areas, and
discusses severa technologies that are being

applied to reduce the impact of source areas.

4.2 FATE AND TRANSPORT OF
CHLORINATED SOLVENTS

Consideration of the physical and chemical
properties of chlorinated solvents is criticd in
evaluating the migration, distribution, and fate
of these chemicas in the environment,

developing methods for identifying and
delineating source areas, and assessing the
possible range in performance of various
remedia dternatives (Nyer and Skladany,
1989).

chlorinated solvents are immiscible fluids.

In the pure chemica state, most

Liquid solvents, or solvent mixtures having



densities greater than water, are known as dense,
(DNAPLS).
Chlorinated solvents comprise the principa

non-aqueous  phase  liquids
category of DNAPL chemicals of concern to
DoD. At many sites, the mtentia for serious
long-term contamination of groundwater by
DNAPL chemicals is high due to their toxicity,
limited solubility, and significant potential for
migration in soil vapor and groundwater, or
DNAPL migration as a separate immiscible
phase. DNAPL chemicas, especidly
chlorinated solvents, are among the most
prevalent groundwater contaminants identified
a disposa sites. DNAPL phase has been
identified or is suspected at over 50 percent of
the
examined by the United States Environmental

Protection Agency (USEPA, 1999).

solvent-contaminated  sites recently

4.2.1 Characteristics of Chlorinated Solvents

Chlorinated solvents are manufactured
compounds composed primarily of carbon and
hydrogen atoms, with one or more chlorine
atoms, substituted for hydrogen atoms and
attached to the hydrocarbon structure (Dickerson
et al., 1970).
carbon single bonds, while akenes contain
carbon-carbon double bonds. Double bonds
tend to increase the polarity and solubility of the
1993).
Chlorobenzene compounds are based on the

Alkanes contain only carbon-

molecule (Schwarzenbach e al.,

benzene ring structure of carbon-carbon double
The

number of carbon atoms, the nature of the

bonds with attached chlorine atoms.
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carbon-carbon bonds, and the number of
chlorine functional groups in the hydrocarbon
compound have maor effects on its properties
(Nyer and Skladany, 1989; Schwarzenbach et
al., 1993). Figure 4.1 illustrates the molecular

structure of several common chlorinated
solvents.
Chlorinated hydrocarbons are

nondectrolytes, in that they do not dissociate
into cations and anions in aqueous solution, but
dissolve as neutral species. Chlorine functional
groups and akene bonds increase the polarity of
halocarbon molecules.  Chlorine  functional
groups associate with water molecules by
hydrogen bridging, which increases the
solubility of polar nonelectrolytes, as compared
to non-halogenated hydrocarbons of similar
structure (Luckner and Schestakow, 1991).
Chlorinated hydrocarbon  solubility  rapidly
decreases as the number of carbon atoms, and/or
the number of chlorine atoms in the compound
increase(s); vapor
(volatility decreases) as carbon or chlorine

pressures aso decrease

numbersincrease. For all classes of chlorinated
hydrocarbons, aqueous solubility decreases, and
the tendency of the hydrocarbon compound to
sorb to soil particles (or "partition” to soil),
increases as the number of chlorine atoms

and molecular weight increase.



Figure4.1 Common Clorinated Solvent Structures

a D
p 1
o D

(Trichloroethene)

11.1-TCA
(1,1,1 Trichloroethane)

12-DCB
{1,2 - Dichlorobenzene)

The physica and chemica properties of
DNAPLs in
considerably from the properties of pure

the environment can vary
compounds, as a consequence of the presence of
complex chemica mixtures, the effects of in-situ
weathering, and the fact that much DNAPL
waste consists of off-specification materials,
production process residues, and spent materials.
In generd, the chlorinated solvents used in
industrial applications are relatively volatile,
have relatively low agueous solubilities ( a few
hundred to a few thousand milligrams of solute
per liter of water [mg/L]), and partition ("sorb")
to soil to a moderate degree (Pankow and
Cherry, 1996). Table 4.1 summarizes many of
the important chemical and physical properties
impacting chlorinated hydrocarbon fate and
transport.
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4.2.2 Physical-Chemical Transport and
Attenuation M echanisms|mpacting DNAPL

DNAPL migration in the subsurface is
influenced by the characteristics of the DNAPL
release (volume, area, and time duration of the
release); the properties of the DNAPL; the
properties of the porous medium; and subsurface
hydrologic  conditions. Under particular
the

environment in any of four different phases - as

conditions, chemicas can exist in
pure compound or in a chemical mixture;
dissolved in water; sorbed to soil particles; or as
a vapor. When initialy released to the
subsurface environment, organic solvents are
usualy in the NAPL (pure chemical, chemical
mixture, or "oil") phase. Once a chemica has
introduced

interacts with the surrounding materias (soils,

been into the environment, it

soil vapor, and water). Chlorinated solvents in
the subsurface migrate as volatile gases in soil



TABLE 4.1
PROPERTIES OF SELECTED VOLATILE ORGANIC CHEMICALS

Chemical M olecular Henry's Law Vapor Density Solubility Koc
Weight Constant Pressure (g/cm” 3) (mg/L) (mL/g)
(g/mal) (atm-m” 3/mol) (mm Hg 20°C)
Methane 16.04 (1) 1.83E+01 (6) 2.08E+04 (6) 0420 (3) 24 (3) | 7.60E+02 (6)
Ethane 30.07 (1) 1.92E+01 (6) 2.93E+04 (3) 0561 (3) 60.4 (3) | 7.60E+02 (6)
Ethene 28.05 (1) 8.60E-00 (6) 3.08E+04 (6) 0.566 (3) 131 (6) | 4.58E+02 (6)
1,1-dichloroethane 9896 (1) 4.32E-03  (2) 1.80E+02 (3) 1.176 (1) 5500 (3) | 3.00E+01 (4)
1,2-dichloroethane 98.96 (1) 9.77E-04 (5) 6.10E+01 (3) 1235 (1) 8,690 (3) | 190E+01 (4)
1,1-dichloroethene 96.94 (1) 207E-02 (2 5.00E+02 (3) 1.218 (1) 2,250 (4) | 6.50E+01 (4)
cis 1,2-dichloroethene 96.94 (1) 297E-03 (2) 2.00E+02 (5) 1284 (1) 800 (3) | 4.47E+01 (6)
trans 1,2-dichloroethene 96.94 (1) 7.26E-03 (2) 3.40E+02 (5) 1.257 (1) 600 (3) | 5.90E+01 (4)
1,1,1-trichloroethane 13340 (1) 1.33E-02 (2 1.00E+02 (3) 1.339 (1) 4400 (3) | 1.05E+02 (4)
1,1,2-trichloroethane 13340 (1) 1.20E-03  (5) 1.90E+01 (3) 1440 (1) 4500 (3) | 5.60E+01 (4)
TCE 131.39 (1) 7.19E-03 (2) 6.00E+01 (3) 1464 (1) 1,100 (3) | 1LO7E+02 (4)
PCE 165.83 (1) 1.32E-02  (2) 1.40E+01  (3) 1.623 (1) 150 (3) | 2.63E+02 (4)
Vinyl Chloride 6250 (1) 2.18E-02 (2) 2.66E+03 (3) 0911 (1) 1,100 (3) | 2.50E-00 (4)
Benzene 7811 (1) 5.43E-03  (5) 7.60E+01  (3) 0.877 (1) 1,780 (3) | 9.12E+01 (3)
Toluene 9214 (1) 5.94E-03 (5 2.20E+01 (3) 0.867 (1) 515 (3) | 1.51E+02 (4)
Ethylbenzene 106.17 (1) 8.44E-03 (7) 7.00E-00 (3) 0.867 (1) 152 (3) | 257E+02 (4)
o-Xylene 106.17 (1) 5.10E-03 (5) 5.00E-00 (3) 0.880 (1) 175 (3) | 1.29E+02 (4)
m-Xylene 106.17 (1) 7.68E-03 (5) 6.00E-00 (3) 0864 (1) 146 (7) | 1.59E+02 (4)
p-Xylene 106.17 (1) 7.68E-03 (5) 6.50E-00 (3) 0.861 (1) 198 (3) | 2.04E+02 (4)
1,2,4 Trimethyl Benzene 120.19 (1) 5.70E-03 (9) 2.03@25 (9) 0.862 (1) 519 (8) | 3.72E+03 (9)
Chloroethane 6451 (1) 9.38E-03 (2) 1.01E+03 (3) 0.898 (1) 5740 (3) | 2.65E+01 (6)
Chlorobenzene 11256 (1) 3.45E-03  (7) 8.80E-00 (3) 1106 (1) 500 (3) | 1.49E+02 (6)
1,2-Dichlorobenzene 147.00 (1) 1.20E-03 (7) 1.00E-00 (3) 1305 (1) 100 (3) | 1.87E+02 (4)
1,3-Dichlorobenzene 147.00 (1) 1.80E-03  (7) 2.30E-00 (7) 1.288 (1) 69 (3) | 1.70E+02 (4)
1,4-Dichlorobenzene 147.00 (1) 1.50E-03 (7) 6.00E-01 (3) 1.248 (1) 49 (3) | 1.58E+02 (4)

Sources of Information:
(1) Weast, R.C., Astle, M.J,, and Beyer, W.H., eds., 1989, CRC Handbook of chemistry and physics: CRC Press, Inc., BocaRaton, Florida, 75th ed.
(2) Gossett, J.M., 1987, Measurement of Henry's Law constantsfor C1 and C2 chlorinated hydrocarbons: Environmental Science and Technology, Val. 21, No. 2, p. 202-208.
(3) Verschueren, K., 1983, Handbook of environmental data on organic chemicals: Van Nostrand Reinhold Company, New Y ork, 2nd ed., 1310 pp.
(4) Montgomery, J.H., and Welkom, L.M., 1990, Groundwater chemicals desk reference: Lewis Publishers, Inc., Chelsea, Michigan, 640 pp.
(5) Howard, P.H., Sage, G.W., Jarvis, W.F., and Gray, D.A., 1990, Handbook of environmental fate and exposure datafor organic chemicals, Vol. Il -- Solvents: Lewis Publishers,
Inc., Chelsea, Michigan, 546 pp.
(6) estimated using: Lyman, W.J., Reehl, W.F., and Rosenblatt, D.H., 1990, Handbook of chemical property estimation methods: American Chemical Society, Washington, D.C.
(7) Howard, P.H., Sage, G.W., Jarvis, W.F., and Gray, D.A., 1990, Handbook of environmental fate and exposure datafor organic chemicals,
Vol. | -- Large production and priority pollutants: Lewis Publishers, Inc., Chelsea, Michigan, 574 pp.
(8) American Petroleum Institute, 1994, Transport and fate of non-BTEX petroleum chemicalsin soils and groundwater, American Petroleum Institute.
(9) Montgomery, J.H., 1996, Groundwater chemicals desk reference: Lewis Publishers, Inc., Chelsea, Michigan, 2nd ed., 814 pp.




vapor, dissolved in groundwater, and as a
mobile, separate phase. The maor processes
affecting chlorinated solvent compounds in the
subsurface include dissolution from the NAPL
phase, sorption to soil, diffusion, chemical and
biologica degradation, and volatilization (Nyer
and Skladany, 1989).

The subsurface can be divided into three
general domains, distinguished by the water
content within each. The vadose zone or
unsaturated zone is that part of the soil (or
geologic) column which is less than residua
water saturation - that is, water is present within
the pore spaces of soil in the vadose zone, but
not at a degree of saturation sufficient to enable
gravity drainage of water. The capillary zone
spans the region over which the water content in
the soil column increases from residua
saturation, until al the pore spaces are filled
with water (full saturation). The saturated zone,
or groundwater zone, comprises the water-
saturated part of the soil column below the water
table, where the hydraulic potentia (“water
pressure”) than

is egual to or greater

atmospheric  pressure. DNAPL movement
through each of these moisture regions is
controlled by different physical and chemical

interactions.

Under uncontaminated conditions, moving
from the vadose zone to the saturated zone
represents a change from a system in which two

immiscible fluids (air and water) initially share
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the pore space, to a system where water occupies
the entire pore space. When a DNAPL solvent
is introduced, the relationships between the
fluds and the porous medium become
considerably more complex. In this situation,
the vadose zone can contain up to three fluids
(air, water, and NAPL); below the water table,
two fluids (water and DNAPL) may be present.
The physical and chemica relationships among
the different fluids will often cause the DNAPL
phase to migrate in complex ways, producing a
contaminant source beneath a spill area that is

very difficult or impossible to fully characterize.

Some of the factors and principles that
govern DNAPL migration differ from those that
control the occurrence and movement of
dissolved-phase chemicals (Kueper and Frind,
1991a; ibid., 1991b). The characterigtics of
chemical migration as a DNAPL phase are
largely a result of interfacia tensions which
exist a the interfaces between immiscible fluids
(NAPL, air, and water).
between fluids develops because of
difference  between the

dectrochemica attraction of

Interfacial tension
the
grester  mutua
like molecules
within each fluid and the lesser attraction of
dissimilar molecules across the immiscible fluid
interface (Cohen and Mercer, 1993z ibid.,
1993b). This unbalanced force draws molecules
the
immiscible fluids inward, resulting in a tendency

lying aong interface  between  two
for contraction of the fluid-fluid interface to

attain a minimum interfacial area. As a result of



interfacial tension, non-wetting DNAPLs tend to
form globules and irregular gangliain water and
water-saturated media (Cohen and Mercer,
1993Db).

Subsurface transport of chemicals as NAPL,
dissolved-phase, or vapor-phase, is driven by
potential gradients - gravitational, hydraulic, or
chemical. In the unsaturated zone, gravitational
and hydraulic potential gradients are primarily
vertical, so that the direction of movement is
generaly downward. In most situations, NAPLS
denser than water will migrate downward (under
the influence of gravity) as a distinct liquid
through the soil in the unsaturated zone. This
vertical migration is typicaly accompanied by
lateral spreading of the DNAPL due to the
effects of capillary forces and heterogeneities in
the porous medium. Even small differences in
s0il moisture content and grain size can provide
sufficient capillary resistance to cause laterd
DNAPL spreading in the vadose zone.
However, be
enhanced, and laterd spreading limited, by dry
conditions or transmissive vertica migration

downward movement will

pathways for DNAPL migration (e.g., fractures,
coarse-grained material, or boreholes).
4.2
DNAPL movement and distribution in the

Figure
illustrates four common scenarios for

subsurface and the resultant dissolved plume
patterns.

Pankow and Cherry have authored a book
entitted Dense Chlorinated Solvents and Other
DNAPLs in Groundwater - History, Behavior,
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and Remediation (1996) which describes the
DNAPL solvents and their
migration characteristics in detail. This reference

properties  of

is recommended for the reader who is interested
in additional information on this subject. The
conclusions of this and other references are
summarized below:

was believed that a
releesed to the
unsaturated zone would readily volatilize to
chlorinated

1. Higoricaly, it
chlorinated  solvent
the atmosphere.  However,

solvents are often transported into the

subsurface by vapor-phase migration, by

infiltration of contaminated water, and as a

moving DNAPL phase.

2. The reativey the
chlorinated solvents dlow relatively rapid

low viscodties of

downward movement in the subsuface.
Chlorinated solvent mobility in the
subsurface  increases  with  increasing
density/viscosity ratios (Cohen and Mercer,

1993D).

3. The reatively interfacial
between a liquid chlorinated solvent phase

low tension
and water dlows a chlorinated sdvent
DNAPL to enter small fractures and pore
spaces, facilitating deep penetration into the
subsurface.  Low interfacia tension aso
contributes to the relatively low residua
saturation of chlorinated sdvents in soil

within the unsa